Abstract. DNA repair has been suggested to be a major cause of spontaneous drug resistance in patients with lung adenocarcinomas (LADC). Among the DNA repair-related proteins, excision repair cross-complementation group 1 (ERCC1) has been shown to be essential for repairing cisplatin-induced interstrand cross-linkage. However, the role of other DNA repair-related proteins in drug resistance has not been clearly elucidated. In this study, we used suppression subtractive hybridization and microarray analysis to identify the DNA repair-related genes associated with cisplatin resistance. We focused on the association of XPC protein expression, which plays a pivotal role in the earliest response to global genomic repair, with the survival of LADC patients. Using suppression subtractive hybridization and a microarray analysis to identify drug resistance-associated DNA repair-related genes, we found that the mRNA levels of ERCC1, MSH-3, MSH-6 and XPC were significantly increased in LADC patients. Since the results of ERCC1 mRNA expression corresponded well with those in previous reports, in this study we focused on the clinical correlation between XPC expression and patient survival. The level of XPC protein was determined by immunohistochemical and immunoblotting analyses. We detected the XPC protein in 46 (43%) of 107 pathological LADC samples. XPC protein expression correlated with tumor stage, cigarette smoking and poor survival. In the in vitro experiments with LADC cell lines, increased XPC expression was associated with elevated drug resistance, and silencing of XPC expression reduced cisplatin resistance. Our results suggest that XPC expression predicts drug resistance in LADC.
Introduction
Lung cancer is one of the leading causes of cancer-related death worldwide. Based on the presence of neuroendocrine features, lung carcinomas are categorized into small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) (1) . Moreover, depending on the histopathological characterization, NSCLC is subcategorized into lung adenocarcinoma (LADC), squamous cell carcinoma and large cell carcinoma (2) . Among these, LADC is featured by rapid growth, high metastatic potential and high frequency of spontaneous resistance to anticancer drugs as well as radiation therapy, all of which indicate a poor prognosis (2) .
Accumulating evidence has shown that tobacco, and particularly its constituents, e.g., polycyclic aromatic hydrocarbon (PAH) compounds, induce DNA damage and may therefore activate DNA repair system prior to chemo-or radiotherapy (3) (4) (5) . Niedernhofer et al found that excision repair crosscomplementation group 1 (ERCC1) and xeroderma pigmentosum complementation group (XP) F were required for repairing cisplatin-induced interstrand cross-linkage and suggested that DNA repair was involved in drug resistance (6) . Olaussen et al found that clinically, NSCLC patients with ERCC1-negative tumors responded better to cisplatin-based adjuvant chemotherapy than those with ERCC1-positive ONCOLOGY REPORTS 25: 1243 -1251 , 2011 Expression of xeroderma pigmentosum complementation group C protein predicts cisplatin resistance in lung adenocarcinoma patients TAN-CHEN LAI 1,2 , KUAN-CHIH CHOW 3 , HSIN-YUAN FANG 4 , HSIN-CHING CHO tumors did and hence the prognosis was better in the former. In contrast, patients with ERCC1-positive tumors survived longer than patients with ERCC1-negative tumors when adjuvant chemotherapy was not included in the regimens (7) . These results suggest that ERCC1 expression may be associated with not only increased drug resistance, but also tumor metastatic potential, which is indicated by rapid tumor recurrence and distal organ dissemination. However, the role of the other DNA repair-related proteins in drug resistance is not clear.
To better understand the involvement of the DNA repair mechanism in drug resistance (8) (9) (10) (11) , specific genes related to this phenomenon must be identified. In this study, we combined suppression subtractive hybridization (SSH) and oligonucleotide microarray to compare the expression profiles of DNA repair-related (DRR) genes between LADC specimens from patients who responded well to cisplatin treatment and those who had early recurrence or distal metastasis following the equivalent therapy. We verified the results using reverse transcription-polymerase chain reaction (RT-PCR), and determined DRR protein localization in the pathological sample by immunohistochemical analysis. We also statistically evaluated the correlations of clinicopathological parameters and prognostic significance with DRR gene expression in LADC patients. Furthermore, using in vitro experiments with LADC cell lines, we determined the effects of tobacco and nicotine on DRR gene expression and the effects of DRR gene expression on cisplatin resistance.
Materials and methods
Patients and tissue specimens. The patients in this study were from the same cohort as that in our previous study (4) . The Medical Ethics Committee of China Medical University Hospital approved the study protocol, and every patient provided written informed consent before surgery. Briefly, from January to December 2001, tissue specimens were collected from 107 patients with newly diagnosed LADC. LADC was confirmed by pathological examination of the samples from all patients for whom at least one follow-up examination or death was documented. The stage of the disease was classified according to the new international staging system for lung cancer (12) . All patients had undergone surgical resection and radical N2 lymph node dissection. Tumor size, number of affected lymph node, differentiation, vascular invasion and mitotic number were also evaluated. Patients with lymph node involvement or loco-regional recurrence received irradiation at the afflicted areas. Those with distant metastasis were treated with chemotherapy. After treatment, the patients were routinely followed up every 3-6 months in the outpatient department. The results of blood examination, biochemical studies, chest radiography scans, abdominal sonography scans, whole body bone scans, and chest computerized tomography scans that indicated any evidence of disease were interpreted as tumor recurrence and metastasis. The average age of the male patients (n=62) was 60.6±1.41 years and that of the female patients (n=15) was 53.3±1.27 years (p=0.0154). Immunohistochemical staining was carried out using a single-blind procedure.
RNA extraction, suppression subtractive hybridization and microarray. Total RNA was isolated from frozen tissues by using a SNAP RNA column (Invitrogen, San Diego, CA). After the RNA yield was measured, cDNA primed with oligo random primers was synthesized by AMV reverse transcriptase. The combined SSH and microarray method was as described previously (4, 13) . Briefly, following the synthesis of first-strand cDNA with random primers and AMV reverse transcriptase, second-strand cDNA was synthesized using T4 DNA polymerase to form double-stranded DNA. An equal amount of cDNA from 10 patients, who had early recurrence or distal metastasis following cisplatin-based therapies, was pooled (labeled as 'non-responder') and digested with the restriction enzyme RsaI. The reaction product was then ligated to 2 specific adaptors (tagged-pool, refer to instruction manual of BD Biosciences, at http://www.bdbiosciences.com/ clontech). After forward SSH was performed against a cDNA pool synthesized from non-tumor lung tissue counterparts to exclude genes that were concomitantly expressed in both tumor and non-tumor lung, the reaction mixtures were subjected to 35 cycles of PCR using the standard procedure: denaturation at 94˚C for 45 sec, hybridization at 56˚C for 30 sec, and elongation at 72˚C for 45 sec. The amplified products were resolved in a 2.5% agarose gel, and visualized by ethidium bromide staining to determine the efficacy of SSH. For reverse SSH, cDNA from 10 lung cancer tissues collected from patients who had responded well to cisplatin treatment was used as a tagged-pool (labeled as responder) to hybridize against cDNA from non-responder lung cancer samples.
The resultant SSH cDNA libraries were then labeled with the respective fluorescent nucleotides, and the reaction mixture was hybridized to microarray slides (Taiwan Genome Sciences, Taipei, Taiwan) to identify the corresponding gene(s). The microarray test was performed in triplicate, and each corresponding gene was mapped out. The ratio between the normalized fluorescent signal intensities of the genes in the responder lung cancer tissues and non-responder tumor tissues was measured on individual spots in the microarray, and the values of the 3 readings were averaged. The cut-off ratio for strongly expressed genes was set at 2.0 (with 99.5% coefficient variance in a scatter plot), and that for downregulated genes was set at 0.5. If the expression ratio fell between 0.5 and 2.0, the gene was considered constitutive.
RT-PCR.
Following total RNA extraction and synthesis of first-strand cDNA, an aliquot of cDNA was subjected to 35 cycles of PCR using primers for ß-actin to determine the integrity of mRNA pool (4, 5) . The cDNA used in the following RT-PCR was adjusted according to the quality and quantity of ß-actin mRNA. Primer3 (http://frodo.wi.mit. edu/primer3) was used to select the primer sequences. The primers for XPC are as follows: 5'-GAAGAAAGAAGAC TTGGAG-3' (XPCs; sense primer, nts 1958-1976, NM_004628) and 5'-GCTCACAGCTGCTCAAATGG-3' (XPCa; antisense primer, nts 2929-2910). The primers for ß-actin are as follows: 5'-AGAGCTACGAGCTGCCTGAC-3' (sense primer, nts 797-816, NM_001101.3) and 5'-CACTT CACCGTTCCAGTTT-3' (antisense primer, nts 1375-1356). The size of the amplified DNA fragment for XPC is 972 bp and for ß-actin is 579 bp.
Cytotoxicity assay. At 18 h before challenge with cisplatin at various concentrations, 5000 cells/well were seeded. Control cells were treated with RPMI-1640. After cell challenge for 48 h, 10 μl of WST-1 (BioVision, Mountain View, CA) was added to the cell culture, and incubation was continued for 2 h. The percentage of surviving cells was quantified by comparing the number of viable cells in the treatment group with that in the control group. All procedures were performed in triplicate. This assay measures both replicating and static cells (4, 5) .
Preparation of mouse antibodies. The DNA sequence corresponding to C-terminal fragment (amino acid residues 618-940) of human XPC (hXPC-C) was amplified using primer sequences containing EcoRI (sense) and HindIII (antisense) restriction sites. The primer sequences were 5'-TCCGAAT TCATGGAAGAAAGAAGACTTGGAG-3' (XPCs; the EcoRI site is underlined) and 5'-GCAAGCTTGGCTCACA GCTGCTCAAATGG-3' (XPCa; the HindIII site is underlined).
The restriction fragment of hXPC was cloned into the expression vector pET-32b + (Promega KK, Tokyo, Japan). Bacterial colonies containing pET32+ -hXPC-C were selected and were induced using isopropyl-beta-Dthio-galactopyranoside (IPTG) to mass-produce hXPC-C. The recombinant protein was purified using a nickel-affinity column. Affinity-purified hXPC-C was used to immunize BALB/c mice, and the sensitivity of the antiserum (OD405 >0.3 at 1:6000 dilutions) was measured by enzyme-linked immunosorbent assay (ELISA). The specificity of the antibodies was determined by the appearance of a 125-kDa band in the immunoblotting test with lung cancer cell extract (14) . Monoclonal antibodies were produced by the hybridoma technique, and XPC-specific antibodies were screened by the above-mentioned methods.
Immunoblotting analysis. Total cell lysate was prepared by mixing 5x10 7 cells/100 μl phosphate-buffered saline with an equal volume of 2X loading buffer [50 mM Tris (pH 6.8), 150 mM NaCl, 1 mM disodium EDTA, 1 mM PMSF, 10% glycerol, 5% ß-mercaptoethanol, 0.01% bromophenol blue and 1% SDS]. Electrophoresis was carried out in a 10% polyacrylamide gel with 4.5% stacking gel. After electrophoresis, the proteins were transferred to a nitrocellulose membrane for immunoblotting. The membrane was probed with specific antibodies. The signal was amplified using biotin-labeled goat anti-mouse IgG, and peroxidase-conjugated streptavidin. The protein was visualized by exposing the membrane to an X-Omat film (Eastman Kodak, Rochester, NY) with enhanced chemiluminescent reagent (NEN, Boston, MA).
Immunocytochemical and immunohistochemical analysis.
Immunocytochemical and immunohistochemical staining was performed using the immunoperoxidase method with labeled streptavidin-biotin complex (Dako, LSAB2 System, Carpenteria, CA) (4, 5) . For confocal immunofluorescence microscopy, secondary antibodies tagged with fluorescence proteins were used. Briefly, following the removal of paraffin with xylene and absolute alcohol, the antigen was retrieved by boiling the samples in water for 10 min. Endogenous myeloperoxidase was inactivated with 3% H 2 O 2 and 0.1% sodium azide at room temperature for 15 min. After incubation with monoclonal antibodies (1:100 dilutions) specific to XPC at room temperature for 2 h, the specimens were treated with biotin-conjugated goat anti-mouse immunoglobulin and then peroxidase-conjugated streptavidin. 3-amino-9-ethylcarbazole (AEC) was used for chromogenic development. The slides were counterstained with 50% hematoxylin in tap water at room temperature for 45 sec and the blue color was enhanced in running water for 20 min. The presence of crimson precipitates was considered as positive staining. A section of gelatin-embedded H23 LADC cells was used as the positive control and that of non-tumor lung tissue (NTLT) cells served as the negative control for each run of immunostaining.
Knockdown of XPC expression using the RNAi method.
Human embryonic kidney 293T cells were cultured in DMEM with 10% fetal serum until ~50-70% confluence. The cells were transfected with a mixture of packaging plasmid (pCMV-ΔR8.91, containing the gag, pol and rev genes), envelope plasmid (pMD.G, a VSV-G-expressing plasmid) and plasmid containing pLKO.XPC1-shRNA. Lentivirus containing pLKO.XPC1-shRNA was harvested on days 3 and 4 post-transfection. LADC H23 cells were infected with lentivirus containing XPC1-shRNA, and the infected cells were selected using puromycin. Knockdown of XPC expression was assayed using an immunoblotting method.
Slide evaluation. For each pathological section, NTLT served as the internal negative control. Slides were evaluated by 2 pathologists who were blinded to the clinicopathological details. The ImmunoReactive Scoring system was adapted in this study (15) . Briefly, the signals in a specimen were considered as strong when >50% of the cancer cells were positively stained, intermediate when 25-50% of the cells were positively stained, weak when <25% or >10% of the cells were positively stained, and negative if <10% of the cells were positively stained. Cases with strong and intermediate XPC signals were classified as XPC + , and those with weak or negative XPC signals were classified as XPC -.
Statistical analysis. The relationship between XPC expression and clinicopathological parameters was analyzed using the ¯2 test. Survival curves were plotted using the KaplanMeier estimator (16) . The statistical difference in the survival between different groups was compared by the log-rank test (17, 18) . Statistical analysis was performed using the GraphPad Prism5 statistical software (San Diego, CA). Statistical significance was set at p-value <0.05.
Results

Expression panels of DRR genes in cisplatin-resistant LADC.
By combining SSH (Fig. 1A ) and oligonucleotide microarray (Fig. 1B) to compare the gene expression patterns between pooled tumor fractions from 10 LADC patients who had early recurrence or distal metastasis following cisplatinbased adjuvant chemotherapies and those who responded well to the cisplatin regimens, we identified the differential ONCOLOGY REPORTS 25: 1243 -1251 , 2011 expression spectra of DDR genes (Table I ). The expression of ERCC-1, mutS homolog (MSH)-3, MSH-6 and XPC increased; that of ERCC2, ERCC-4 (also called XPF), Table I . Three different expression panels of DNA repairrelated genes in advanced stage of LADC. 
α Ratio between fluorescent signal intensities in lung cancer and non-tumor counterparts measured on individual spots of microarray. The values presented in parenthesis are the average readings of 3 spots on the microarray. The cut-off ratio for up-regulated gene was set at 2.0 (with 99.5% of coefficient variance in a scatter plot), and that for down-regulated gene was set at 0.5. If the expression ratio of a gene that fell between 0.5 and 2.0, it was considered constitutive.
- ------------------------------------------------ ERCC5, MSH-2, MSH-4, MSH-5, p53, XPA, XPB, XPG, X-ray repair cross complementing group (XRCC)-1, and XRCC-3 did not change; and that of ultraviolet radiation resistance associated gene (UVRAG) decreased. We then focused on XPC expression.
Expression of XPC in LADC cells determined by RT-PCR.
The expression of XPC mRNA was determined by RT-PCR in 7 pairs of lung cancer biopsies. Interestingly, XPC overexpression was detected in 4 cancer specimens ( Fig. 2A) . Sequence analysis [by Mission Biotech, Taipei, Taiwan, on ABI PRISM model 3730 (www.missionbio.com.tw)] showed that the nucleotide sequences of cDNA fragments from the 4 LADC biopsies matched the nucleotide sequence of XPC: xeroderma pigmentosum, complementation group C (XPC), Homo sapiens, NM_004628, mRNA, identities = 969/972 (99.5%). XPC mRNA expression in 7 lung cancer cell lines that either carried wild-type or mutant p53 gene was also determined by RT-PCR (Fig. 2B) , and it was detected in all 7 cell lines. Likewise, the nucleotide sequences of the cDNA fragments matched the sequence of XPC. Further, 4 point mutations were identified: 109CTA➝109GTA (Glu34Asp) was found in 5 of the 7 samples; 544AAG➝544ATG (Lys180Met) in 3 of the 7 samples; 616GGG➝616GGC (silent) in 1 of the 7 samples; and 1273CGG➝1273CCG (Arg423Pro) in all 7 samples (the sequences were added to GenBank: HM113488). However, none of these mutations is equivalent to those found in patients with xeroderma pigmentosum (14) .
Characterization of monoclonal antibodies to XPC and expression of XPC in LADC cell lines.
Specificity of the monoclonal antibodies was determined by immunoblotting analysis with H23 cell lysate, wherein we recognized a 125-kDa protein band, which was ~20-kDa larger than the expected molecular mass of XPC (105-kDa) (Fig. 3A) . We identified a ladder of XPC signals in other cell lines, i.e., H226, H838, H1437 and A549 (Fig. 3A) . Interestingly, we also found this ladder of XPC signals in the cases of the lung cancer specimens (Fig. 3B) . The results corresponded well with those presented in a report by Fautrel et al that XPC appeared in ladder forms in pathological samples of hepatocellular carcinomas (19) . Moreover, a study by Adimoolam and Ford showed that levels of XPC and p53 increased following UV irradiation (20) . To confirm the specificity of our antibodies, we irradiated H1437 cells with UV (20 J/m2) (Fig. 3C1) or treated H226 cells with cisplatin at various concentrations (Fig. 3C2) , and the monoclonal antibodies recognized the protein ladder with the increased molecular mass of XPC and the 125-kDa XPC protein band in the immunoblots.
It is worth noting that cisplatin treatment increased p53 expression (Fig. 3C2) . When cell lysates were treated with calf intestinal alkaline phosphatase (CIP) before immunoblotting, the amount of the 125-kDa protein was reduced, but that of the 105-kDa protein was increased (Fig. 3D) . These results suggest that the 125-kDa XPC could be a phosphorylated form. UV irradiation and cisplatin treatment could induce XPC phosphorylation and stabilization. The NetPhos program (http://www.cbs.dtu.dk/services/NetPhos/) was used to predict phosphorylation sites and the NetPhosK program (http://www.cbs.dtu.dk/services/NetPhosK/) to predict the presence of specific kinases among eukaryotic proteins. The results showed that the most probable kinase was protein kinase C (PKC), and the putative phosphorylation sites were 79 Thr, 507 Ser and 711 Ser. Addition of 5 μM calphostin C (21), a PKC inhibitor, reduced the extent of the DNA damageinduced increase in 125-kDa XPC (Fig. 3E) , indicating that phosphorylation was essential for maintaining XPC protein stability. Moreover, because 3 bands were detected in the immunoblots, the 3 phosphorylation sites of XPC predicted by the web programs are accurate. Immunocytochemical analysis showed that XPC was abundantly present in the cytoplasm and nucleolus (Fig. 3F, left panel) . After UV treatment, the XPC signals were mainly detected in the nucleus (Fig. 3F, right panel) , and those in the nucleolus were reduced. These data suggested that DNA damage induced translocation of XPC to the nucleus.
Elevated expression of 125-kDa XPC increases cisplatin resistance. Addition of tobacco solution [tobacco from a cigarette containing 0.9 mg of nicotine (Marlboro, USA) was soaked in distilled water at room temperature for 15 min to yield 10 μg/ml tobacco solution] or nicotine to H1437 cells increased the level of 125-kDa XPC (Fig. 4A ) and cisplatin resistance (Fig. 4B) . Moreover, using RNAi to knockdown XPC (XPCkd)-specific expression in H23 cells (Fig. 4C) significantly reduced cisplatin resistance (Fig. 4D) , supporting our hypothesis that XPC expression increased cisplatin resistance in cancer cells.
Expression of XPC in LADC.
Immunohistochemical analysis demonstrated the presence of XPC in 46 (43.0%) of the LADC pathological samples. XPC was also detected in type II pneumocytes (Fig. 5A) . In 41 (89.1%) of the pathological specimens, XPC was identified in the nuclei of cancer cells (Fig. 5B) . XPC expression was also detected in 39.3% (22/56) of metastatic lymph nodes (data not shown). Statistical analysis showed that overexpression of XPC in tumors correlated with tumor stage and cigarette smoking but not with lymphovascular involvement (Table II) , suggesting that XPC expression could be associated with growth of LADC cells. Moreover, among 46 patients with high levels of XPC, 29 (63.0%) had tumor recurrence during follow-up examination. On the other hand, among 61 patients with low levels of XPC, 13 had tumor recurrence (21.3%). All 42 patients with recurrence had developed tumors within 24 months of operation. The risk of recurrence for patients with high levels of XPC was 1.73-fold higher than that for patients with low levels of XPC (p=0.074). The survival of patients with low XPC levels was significantly better than that of patients with high XPC levels (Fig. 5C ). The hazard ratio between these 2 groups was 1.707, and the difference in cumulative survival was significant (p=0.0214) when the 2 groups were compared by the log-rank test (17, 18) . Using multivariate analysis, which included variables such as gender, cigarette smoking, tumor stages, status of cell differentiation, lymphovascular invasion and XPC expression, the statistical difference in survival between these 2 patient groups, however, was not significant (p=0.132). ONCOLOGY REPORTS 25: 1243 -1251 , 2011 Table II. Correlation of XPC expression with clinicopathological parameters in LADC patients. 
b In this study, a smoker is defined as a person who smokes >1 pack per week (~50 packs/year). c Two-sided p-value determined by Fisher's exact test.
-----------------------------------------------------------------------------------------------------
Discussion
Our results showed that the antibodies generated in this study recognized both functional XPC, which is normally present in the cytoplasm and nucleoli, and nuclear XPC, which is frequently detected in pathological sections of LADC and in UV-irradiated cells. Based on the results, we inferred that XPC expression is associated with cigarette smoking and, possibly, cigarette ingredient-related DNA damage as well as the disease progression of LADC.
As shown in the immunoblotting experiment, in addition to a 125-kDA protein, a ladder of XPC signals of size between 105-and 125-kDa was detected in both the pathological specimens and LADC cell lines. After CIP treatment, the intensity of the 125-kDa band was reduced and that of the 105-kDa protein increased, indicating that 125-kDa XPC could be phosphorylated. In vitro, UV irradiation and exposure to tobacco, nicotine, and cisplatin increased the expression levels of the 125-kDa XPC, suggesting that DNA damage could stabilize XPC via protein phosphorylation. UV irradiation and cisplatin treatment also increased the levels of p53, which occurred before the increase in XPC expression, implying that XPC expression was regulated by p53. Treatment with calphostin C, a pan-PKC inhibitor, reduced UV-induced XPC phosphorylation and the protein levels of 125-kDa XPC, further suggesting that PKC could be the enzyme that catalyzes XPC phosphorylation (21) and that post-translational modification is essential for maintaining XPC stability. Moreover, the tobacco-and nicotine-induced increase in XPC expression was correlated with reduced cisplatin sensitivity in lung cancer cells. In contrast, silencing of XPC expression by using siRNA decreased cisplatin resistance. These results clearly indicate that the expression of XPC is critical for drug resistance in LADC, which then reflected in patient survival. Patients with low XPC expression are more sensitive to cisplatin-based chemotherapy and have a better prognosis. On the other hand, those with high XPC expression are more resistant to chemotherapy and, thus, have a poorer prognosis. By showing that mutations in XPC gene decrease cisplatinmediated activation of caspase-3, the results from Wang et al support our observations and indicate that XPC expression reduces cisplatin-mediated cell death (22) . The exact mechanism by which XPC contributes to cisplatin resistance, however, is not yet clear.
It is worth noting that following UV irradiation, XPC and the human homolog of the yeast Rad23 protein B (hHR23B) are promptly imported to the nucleus (23, 24) . Inside the nucleus, hHR23B increases p53 accumulation, inhibits cell cycle progression, while XPC accelerates DNA repair, and reduces DNA damage-related cell death. The synergistic action of XPC and hHR23B results in cytoresistance to chemotherapeutics and irradiation (23) . Our recent report also showed that increase in the amount of nuclear dynamin-related protein 1 (DRP1) accompanied by nuclear accumulation of hHR23A was imperative for the increase of cisplatin resistance (25) . Both hHR23A and hHR23B are involved in DNA repair and p53 stabilization. As noted previously, XPC is an important protein for nucleotide excision repair (NER), and in association with hHR23B, XPC binds at DNA damage sites, including UV-induced cyclobutane pyrimidine dimers and chemical-conjugated DNA adducts. The XPC-hHR23B complex recruits XPA, XPB, XPD, RNA polymerase II basal transcription factor b (TFIIH), transcription factor B5 (TFB5), and human replication protein A (RPA) and initiates DNA repair by unwinding the damaged DNA segments. Following the engagement of ERCC1-XPF and XPG, two essential endonucleases, to the multimeric complexes the damaged DNA strand is excised and repaired (6, 26) . Recently, ERCC1-XPF was shown to be involved in the homologous recombination repair (HRR) of double-stranded breaks induced by interstrand DNA crosslinkage (8, 11, 26) . As noted previously, tobacco smoking introduces intrastrand and interstrand DNA crosslinkage (27) (28) (29) as well as oxidative DNA damage (30) . Tobacco may similarly induce p53 expression and DNA repair mechanisms. However, it should be noted that other explanations are possible. For instance, cigarette smoking elevates the expression of hepatocyte growth factor (HGF) in LADC cells (4) , and HGF down-regulates apoptosis-inducing factor (AIF), thereby increasing cisplatin resistance (5) .
Moreover, with the results of the SSH and microarray studies, i.e., that the expressions of XPC, ERCC1, MSH3 and MSH6 mRNA were found to be elevated in patients with advanced disease, considered together with our immunoblotting results clearly indicate that the expression of NER-(7) and mismatch repair-related genes was up-regulated in LADC cells. XPC and ERCC1 could represent a group of NER-associated genes that was correlated with drug resistance and prognosis in NSCLC. Interestingly, deletion of the XPC gene has been shown to increase the possibility of chemically-induced and spontaneous lung cancer (31, 32) , including benign lung adenoma and LADC. Nonetheless, the frequency at which XPC -/-mice develop LADC (~20%) is similar to that at which XPC +/+ B6C3F1 mice that have been forced to inhale cigarette smoke (20.3%, 67/330) develop LADC (33) . In XPC -/-Gadd45 -/-mice, the incidence of LADC increased up to 60% (26) , indicating that double-knockout of DNA repair-related genes indeed elevated the incidence of lung carcinogenesis. However, the life span of XPC -/-or XPC -/-Gadd45 -/-mice was not significantly different from that of XPC +/+ mice (30) . Unfortunately, the efficacy of cisplatin for these spontaneously developed murine lung cancers was not determined.
In conclusion, immunoblotting and immunohistochemical examination revealed abundant expression of the XPC protein in LADC cells. The results of pathological examination suggest that XPC expression is associated with tumor stage and the cigarette smoking habits of patients, which reflect the increased tumor cell growth and poor prognosis. In the in vitro experiments with LADC cell lines, tobacco and nicotine increased the XPC protein level and cisplatin resistance in these cells. Moreover, silencing of XPC expression decreased cisplatin resistance. These data suggest that XPC plays a role in drug resistance of LADC cells. However, our study was limited because we used the immunohistochemical method, which only detects the total amount of XPC expressed in LADC cells, but not the degree of XPC phosphorylation. Moreover, our results correspond to a relatively small sample size and need further validation with a study with a large sample size.
